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ABSTRACT: 

PURPOSE: To obtain the titled alloy in which excellent stress corrosion 
cracking resistance is not lowered by welding or SR treatment after welding, by 
a method wherein the cold working ratio of a 30% Cr-60% N] type alloy after hot 
working is increased and low temp, long-term annealing within a specific range 
is carried out as final heat treatment. 

CONSTITUTION: An alloy containing, on the basis of %, 0.04 or less C, 1.0 or 
less Si 1.0 or less Mr^ 0.03 or less P, 0.005 or less S, 50∼80 NL 
15∼35 Cr, 0.50 or less Al, in addition, 0.5∼2.0 Mo and/or 0.5∼2.0 W 
and, according to necessity, 0.2∼1.0 Ti and comprises the remainder of 
substantially Fe is subjected to hot rolling and, after cold rolling is carried 
out at a working ratio of 38%, final annealing is successively carried out 
under the heating temp, and the holding time conditions within a range 
encircled by straight lines connecting points A, B, Cj D and E in the drawing. 
In this case, when a cold working ratio is increased, an extremely large amount 
of slip bands are generatd in the alloy, and therefore, if annealing is carried 
out at 850°C or less remarkably lower than a conventional temp., a large 
amount of carbide in the alloy can be finely dispersed and precipitated in 
grain within a short time in an opposite manner as compared with a conventional 
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SPECIFICATION 

1. Title 

METHOD FOR PRODUCING NICKEL-BASE, HIGH-CHROMIUM ALLOY WITH 
EXCELLENT RESISTANCE AGAINST STRESS CORROSION CRACKING 

2. Claims 

(1) A method for producing nickel-base, high-chromium alloy with 
excellent resistance against stress corrosion cracking, said method 
comprising hot-working an alloy that contains not more than 0.04 % C, 
not more than 1.0 Si, not more than 1.0 % Mn, not more than 0.03 % P, 
not more than 0.005 % S, 50 % to 80 % Ni, 15 to 35 % Cr, and not more 
than 0.50 % Al, and, if necessary, 0.2 to 1.0 % Ti, the balance 
essentially being Fe, cold-rolling it at a processing degree of 38 % 
or more, and subsequently performing final annealing at a heating 
temperature and retention time that are within the range defined by 
the straight lines that connect the following five points shown in Fig. 
1 in the attached drawing: A (0.5, 850), B (0.5, 750), C (10, 675), D 
(100, 675) , and E (100, 850) . 

(2) A method for producing nickel-base, high-chromium alloy with 
excellent resistance against stress corrosion cracking, said method 
comprising hot-working an alloy that contains not more than 0.04 % C, 
not. more than 1.0 % Si, not more than 1.0 % Mn, not more than 0.03 % P, 
not more than 0.005 % S, 50 % to 80 % Ni, 15 to 35 % Cr, not more than 
0.50 % Al, and either or both of 0 . 5 to 2 . 0 % Mo and 0.5 to 2.0 % W 
and, if necessary, 0.2 to 1.0 % Ti, the balance essentially being Fe, 
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cold-rolling it at a processing degree of 38 % or more, and 
subsequently performing final annealing at a heating temperature and 
retention time that are within the range defined by the straight lines 
that connect the following five points shown in Fig. 1 in the attached 
drawing: A (0.5, 850), B (0.5, 750), C (10, 675), D (100, 675), and E 
(100, 850) . 

3. Detailed Description of the Invention 

The present invention pertains to a method for producing nickel- 
base, high-chromium alloy that has excellent resistance against stress 
corrosion cracking and, moreover, that does not lose its excellent 
resistance against stress corrosion cracking even when it undergoes 
welding or a subsequent SR (stress relief) heat treatment. 

As materials for pipelines, heat exchangers, etc., in chemical 
facilities that are used in high-temperature, high pressure 
environments containing pure water or CI" ions, 30 % Cr-60 % Ni alloys 
have attracted attention in recent years and are increasingly used for 
practical applications. This is because 30 % Cr-60 % Ni alloys have 
superior resistance against stress corrosion cracking compared with 
other steels and alloy materials. Although this type of alloy material 
certainly possesses the aforesaid advantage, even this material is not 
free from the possibility that stress corrosion cracking (hereinafter 
abbreviated as XN SCC") could occur at welding-heat-affected zones — even 
at the base material portion — during use in the aforesaid type of 
environment. The reason for this is believed to be that welding and 
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the subsequent SR treatment (in which products are maintained at 550 
°C for 20 hours or thereabouts) performed in a product manufacturing 
process or in an equipment assembly process cause Cr carbide to 
precipitate in grain boundaries, thereby forming Cr-depleted layers 
and causing SCC; thus, the intrinsic performance of the 30 % Cr-60 % 
Ni system is deteriorated. 

Accordingly, the present invention intends to provide a method 
for producing Ni-base alloy products that not only have excellent SCC 
resistance that is intrinsic to the 30 % Cr-60 % Ni system at the 
stage immediately after their production but also do not become 
susceptible to SCC even with the subsequent welding or SR treatment. 

That is, the gist of the present invention is a method for 
producing nickel-base, high-chromium alloy with excellent resistance 
against stress corrosion cracking, said method being characterized by 
hot-working either one of the alloys described below, cold-rolling it 
at a processing degree of 38 % or more, and subsequently performing 
final annealing at a heating temperature and retention time that are 
within the range defined by the straight lines that connect the 
following five points shown in Fig. 1 in the attached drawing: A (0.5, 
850), B (0.5, 750), C (10, 675), D (100, 675) , and E (100, 850), 

(1) an alloy that contains not more than 0.04 % C, not more than 
1.0 % Si, not more than 1.0 % Mn, not more than 0.03 % P, not more 
than 0.005 % S, 50 % to 80 % Ni, 15 to 35 % Cr, and not more than 
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0.50 % Al, and, if necessary, 0.2 to 1.0 % Ti, the balance essentially 
being Fe and 

(2) an alloy that contains not more than 0.04 % C, not more than 
1.0 % Si, not more than 1.0 % Mn, not more than 0.03 % P, not more 
than 0.005 % S, 50 % to 80 % Ni, 15 to 35 % Cr, not more than 0.50 % 
Al, and either or both of 0.5 to 2.0 % Mo and 0.5 to 2.0 % W and, if 
necessary, 0.2 to 1.0 % Ti, the balance essentially being Fe. 

Products, such as plates, pipes, etc., that are made from 30 % 
Cr-60 % Ni alloys are conventionally produced by performing hot 
working, followed by 30 % or less cold rolling, and, as the final heat 
treatment, annealing at a heating temperature of from 950 to 1100 °C 
for a short retention time of 2 to 30 minutes or thereabouts. It is a 
widely accepted view that, with this type of steel grade, the carbide 
precipitation after the annealing must be inhibited as much as 
possible so as to prevent sensitization in the SR treatment. More 
specifically, a large amount of precipitated carbide causes the CR 
carbide precipitation by the SR treatment to accelerate and is likely 
to bring about sensitization caused by Cr depletion. Since the solid 
solubility of C increases as the annealing temperature becomes higher, 
the precipitation of non-solid-solution carbide decreases. With 
respect to the cold working performed before the annealing, the 
smaller the degree of processing, the fewer the slip bands, which 
function as the nuclei for the carbide precipitation; consequently, 
the carbide precipitation tends to be inhibited. For these reasons, 
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the production method described in the foregoing has been employed for 
processing 30 % Cr-60 % Ni alloys. However, because the annealing 
temperature in this method is high, there is, for one thing, a risk of 
sensitization in the cooling process of annealing- For another, since 
the product that has undergone high-temperature annealing contains a 
large amount of carbide that will be precipitated in the grain 
boundaries by the SR treatment, which is conducted at a temperature at 
which the C solid solubility is low, there is the risk that the 
product is certainly sensitized if the temperature enters the Cr 
carbide precipitation range. 

On the other hand, if, according to the method of the present 
invention described in the forgoing, the cold working conducted prior 
to the annealing is implemented with a degree of processing that is 
higher than that of the existing method, an extremely large number of 
slip bands are created in the alloy. If, in this condition, annealing 
is carried out at 850 °C or lower, that is, at a temperature that is 
considerably lower than the prior art, a large quantity of carbide is 
dispersed and precipitated finely inside grains in the alloy within a 
short time, which is exactly the contrary to the case with the prior 
art. This occurs as a result of the following. Because the annealing 
temperature is decreased, the C solid solubility decreases, which 
causes the quantity of carbide to be precipitated to increase. In 
addition to this, because a large number of slip bands, which function 
as the nuclei for the precipitation, have been generated, the 
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intragranular precipitation is promoted effectively. Furthermore, in 
this case, with respect to the Cr carbide precipitation, which causes 
sensitization, as the precipitation is accelerated due to a large 
number of slip bands, the recovery of the Cr-depleted layers generated 
by this precipitation is also effectively accelerated; as a result, at 
the time of annealing, the recovery of the Cr-depleted layers is 
completed within a relatively short time that slightly exceeds the 
time indicated by the A-B-C line in Fig. 1. The product in which the 
Cr-depletion layers have been recovered is not sensitized at least at 
this stage and exhibits high SCC resistance intrinsic to the alloy. 

When the product obtained in the aforesaid manner is subjected to 
the SR treatment, carbide precipitates further, but the amount of this 
precipitation can be controlled to an extremely small amount. More 
specifically, the quantity of the carbide precipitated by the SR 
treatment is, as a rule, proportional to the difference between the C 
solid solubility at the temperature of said treatment and that at the 
preceding annealing temperature; therefore, the lower the annealing 
temperature, the smaller the precipitation amount in the SR treatment. 
At the same time, this precipitation amount further decreases if Cr 
carbide has been deposited sufficiently at the annealing stage. Thus, 
when the quantity of the carbide precipitated by the SR treatment is 
small, and, furthermore, when the carbide has been finely dispersed in 
the alloy, as mentioned before, even if the Cr carbide is precipitated 
by the SR treatment, the Cr-depleted layers are formed only around the 
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carbide that is dispersed in the grains. Sensitization, as is well 
known, is a phenomenon that occurs only when a Cr-depleted layer is 
formed continuously along grain boundaries, and, there is no concern 
for sensitization in the aforesaid dispersed condition. 

Even when the product is subjected to welding and an SR treatment 
after the aforesaid annealing, sensitization can be prevented if the C 
content in the alloy is not more than 0.04 %, as in the present 
invention. When the product is heated to a high temperature by welding, 
the precipitated carbide dissolves again according to the C solid 
solubility corresponding to the heating temperature and precipitates 
again in the subsequent SR treatment. In this SR treatment, if the C 
content exceeds 0.04 %, Cr-depleted layers are formed in the grain 
boundaries even if proper processing and heat treatment are performed, 
thus causing cracking. 

The following explains the reasons for the production conditions 
and limits for alloy components set by the present invention. 

Fig. 1 is a graph that shows the effect of the heating 
temperature and retention time of the final annealing on the SCC 
resistance after the SR treatment. It is created based on experiments, 
and the experiments were conducted basically in the same manner as the 
method shown in the working examples described later. The alloys used 
for the experiments had the components shown in Table 1 presented 
later, and the degree of cold working was set to 38 %. In the figure, 
O indicates that the crack depth was less than 0.05 mm, and X 
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indicates 0.05 mm or deeper. The range surrounded by the lines that 
connect A, B, C, D, and E is the range set by the present invention. 
If the heating temperature exceeds 850 °C, the C solid solubility 
becomes too high, thus causing insufficient carbide precipitation, and 
the precipitation quantity in the subsequent SR treatment increases; 
consequently, sensitization takes place as a result of contiguous 
precipitation into the grain boundaries, thus deteriorating SCC 
resistance. On the other hand, if the temperature is below 675 °C, 
recrystallization, which is the original objective of annealing, 
cannot be achieved to a satisfactory degree even with a prolonged 
retention time. As for the retention time, with less than 0.5 hours, 
recrystallization does not progress sufficiently when the heating 
temperature is below 850 °C, and the recovery of the Cr-depleted layer 
by Cr carbide precipitation is insufficient, thereby decreasing SCC 
resistance after the SR treatment. A retention time exceeding 100 
hours is considerably uneconomical. Furthermore, even if the 
requirements that the heating temperature be from 675 to 850 °C and 
that the retention time be from 0.5 to 100 hours are met, both 
recrystallization and recovery of Cr-depletion layers are insufficient 
in the region below line B-C, which connects point B (0.5 hour, 750 
°C) and point C (10 hours, 675 °C) in the figure. 

Fig. 2 is a graph that illustrates the effect of the degree of 
cold working and the C content in the alloy prior to the aforesaid 
annealing on the SCC resistance after welding + SR processing. The 
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experiments from which these results were obtained were, similarly to 
those described before, also conducted basically according to the same 
method as in the working examples described later. The final annealing 
was carried out at 800 °C for 10 hours, and the alloys used here were 
the same as those described in reference to Fig. 1. In the figure, the 
range surrounded by the solid lines indicates the range specified by 
the present invention. O and X have the same meanings as defined in 
reference to Fig. 1. If the degree of cold working is less than 38 %, 
a sufficient amount of slip bands cannot be obtained, and a condition 
in which carbide is finely dispersed in the grains cannot be obtained 
at the time of annealing. In addition, the effect of promoting the 
recovery of Cr-depleted layers is not sufficient, and, with the 
aforesaid type of annealing at a low temperature for a relatively 
short time, the recovery of Cr-depleted layers cannot be expected, 
thus presenting a risk of sensitization already after the annealing — 
not to mention the welding + SR processing. If the C content in the 
alloy is too much even if the degree of cold working is 38 % or higher, 
good SCC resistance after the welding + SR processing cannot be 
expected. Generally speaking, the larger the C content, the larger the 
amount of carbide that can be readily obtained by annealing. On the 
other hand, the carbide precipitated by the aforesaid cold working + 
annealing is dissolved again by welding, thus increasing the amount of 
the carbide that is precipitated again by the SR treatment, and this 
makes it difficult to prevent Cr depletion in the vicinity of the 
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grain boundaries caused by the Cr carbide precipitation. In order to 
prevent this Cr depletion near the grain boundaries, which is the 
cause of sensitization, the C content must be less than 0.04 %. 

The following describes the limits set for the alloy components 
(excluding C) by the present invention. 

Si, Mn, and Al : These are all deoxidizing elements. They do not 
exert their effects under their lower limits, and, if they exceed 
their upper limits, not only do their effects reach the maximum, the 
resulting alloy cleanliness also deteriorates. 

Ni: It has a remarkable anticorrosion improving effect, and it is 
a key element that improves resistance against SCC in high-temperature 
water containing CI - and an alkali solution (NaOH) environment. A 
content of 50 % or more can be expected to yield extremely high 
corrosion resistance. On the other hand, if its content exceeds 80 %, 
its effect reaches the maximum, and it also restricts the amount of Cr 
that can be added. For these reasons, its content was set to not more 
than 80 %. 

Cr: Like Ni, it is an essential element for anticorrosion 
improvement. A content of less than 15 % does not yield a sufficient 
effect, but a content exceeding 35 % causes substantial deterioration 
of hot workability. 

Ti: It is a carbide-forming element, and, because it fixes C in 
the form of TiC by a sensitization process, it is effective for 
inhibiting harmful Cr carbide precipitation. A content of less than 
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0.2 % does not yield this effect sufficiently, and a content exceeding 
1.0 % presents a problem in alloy cleanliness. If, among the alloy 
ingredients, C and Cr contents are relatively low, it is not essential 
to add Ti. 

Mo and W: These are elements that are effective for fortifying 
inactive coating, and addition of these elements brings about 
anticorrosion improvement. They are especially useful for delaying SCC 
occurrence caused by incrassated CI". However, neither element 
exhibits this effect unless added in a quantity of 0.5 % or more, but 
a quantity exceeding 2.0 % brings about deterioration of alloy 
cleanliness . 

P and S: Both are impurities, and a content exceeding 0.030 % 
adversely affects hot workability. 

The following explains working examples of the present invention. 

Alloys having compositions (A) through (G) shown in Table 1 were 
melted in a 30-kg vacuum furnace, forged, and softened, after which 
they were subjected to cold working and final annealing under the 
conditions shown in Table 2. Thereafter, they were further subjected 
to a low-temperature heat treatment at 550 °C for 20 hours (equivalent 
to the SR treatment) or, alternatively, subjected to TIC welding 
(Nametsuki [as transliterated] , 60A, no feller [as transliterated] ) 
and then, as the SR treatment, to the same low-temperature heat 
treatment. From each of the materials thus prepared, two test pieces 
that were 2 mm thick, 10 mm wide, and 75 mm long were obtained. These 
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two test pieces were laid one on top of the other and bent in a U- 
shape, and this structure was further formed into what is called a 
double U-shaped test piece by keeping 5 mm under restraint. This test 
piece was immersed for 1000 hours in non-deaerated, 300 °C high- 
temperature water that contained 300 ppm CI" and that was stored in a 
3 L-capacity autoclave. After the test, the test piece on the inner 
side of the U-shape was examined to determine the cross-sectional 
crack depth. A summary of the results is shown in Tables 2-1 and II. 
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Key: a) materials of the present invention; b) comparative example 
materials; c) alloys; d) balance. 
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Key: a) examples of the present invention; b) alloy; c) degree of cold 
working (%); d) annealing conditions (temperature °C x hours); e) SCC 
maximum depth (mm) ; f ) low-temperature heat treated material; g) 
welded+SR-treated material. 
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Key: a) comparative examples; b) alloy; c) degree of cold working (%) ; 
d) annealing conditions (temperature °C x hours); e) SCC maximum depth 
(mm) ; f ) low-temperature heat treated material; g) welded+SR-treated 
material; h) conventional examples. 



As seen from Tables 2-1 and II, with Examples 1 through 22, whose 
cold-working degree and annealing conditions were within the ranges 
specified by the present invention, the SCC maximum depth was a very 
low value of 0.03 mm or less, regardless of whether they were 
materials that underwent the low-temperature treatment or materials 
that underwent the welding + SR processing. On the other hand, among 
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the comparative examples, Examples 23 to 32 showed considerably large 
SCC than the present invention because the annealing conditions for 
these examples were out of the range specified by the present 
invention. With Examples 33 through 37, because their cold-working 
degrees were below the range specified by the present invention, the 
SCC resistance of the materials that underwent the welding + SR 
processing was considerably deteriorated. Furthermore, because 
Examples 38 through 41 contained too much C in the alloys, the SCC of 
the materials that underwent the welding + SR processing deteriorated 
considerably. Incidentally, from Conventional Examples 42 through 4 6, 
which were prepared by the conventional method, it can be seen that, 
even if the C content in an alloy is reduced, the SCC resistance of a 
material that is subjected to the low-temperature heat treatment and 
material that is subjected to the welding + SR processing is hardly 
improved. 

As is evident from the aforesaid explanation, the production 
method of the present invention can provide alloy products that have 
excellent stress corrosion cracking resistance intrinsic to 30 % Cr- 
60 % Ni alloys and that not only have this excellent property at the 
stage immediately after they are produced but also retain it after 
they are subjected to welding or even to an SR treatment. Therefore, 
the present invention makes it possible to utilize the excellent 
corrosion performance of 60 % Ni-30 % Cr alloys as is in welded and 
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assembled anticorrosive equipment, and, in this respect, the present 
invention can be considered to be a highly useful invention. 
4. Brief Explanation of the Drawings 

Fig. 1 is a graph that shows the effect of the heating 
temperature and retention time of the final annealing of 60 % Ni-30 % 
Cr alloy on the SCC resistance after the SR treatment. Fig. 2 is a 
graph that illustrates the effect of the degree of cold working and 
the C content in the alloy on the SCC resistance after welding + SR 
processing. 
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Key: a) heating temperature; b) retention time; c) degree of cold 
rolling; d) C content in alloy. 
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